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crystallization of arithiomycin in isopropanol and water. The x and y values is confirmed by single X-ray difl&action determination. 
1^ In one embodiment x=1.5 and y=0.25. In another embodiment x=0.75 and ys=0.5. 
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nTLBQPINVHNTION 

Isopropanolate of Azithromycin and Method of Manufoctuiing. 
BACKGROUND OP THE INVENmON 

Aziihxomydiv 94De<wo-9a-aza-^a-iiiethyl-9a-hoinoeiythr^ is 
a semi-synthetic maccolide antibiotic (US 4I>517^9), which can be classified 
as a member of the second-generation er5rthromycin antibacterial agent 
Azithromycin has the following structure (I): 
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A useful oystal form of azithromycin intended for pharmaceutical use 
mxist be free of toxic organic solvent such as tetrahydrofuran and chloroform. 
The conmionly known azithromydn oystal forms are azifhromydn 
monohydrate and azitihromydn dihydrate. 

According to Canadian Patent 1491,843, anhydrous azithromydn can 
be obtained by evaporating a ddoroform solution of the material to give a 
foaiTL The residual solvent is difficult to remove and the noncrystalline 
material cannot be easily purified. This material is unsuitable for 
pharmaceutical use. 

EP 941,999 r^orts a method for the preparation of azithromycin 
monohydrate and dihydrate from acetone/basic water crystallization. US. 
patent 6,245,903 reports a crystalline form, azithromycin isoprc^anol daihrate 
with a proposed ratio of azifliromydn : water : isopropanol of 1 : 1 : 0.3, and a 
process for the preparation of flie saine from soKd azithromycin by adding 
water to a solution of azithromycin in isopropanol. WO2094843 reporte a 
metiiod for the preparation of azithromydn Form M from isopropanol/water 
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and iiie suggested ratio of azithromydn : water : isopropanol is 1 : 1 : 05. 
Form M is prepared by adding cold water to a solution of azithiomycan in 
isopropanoL 

WO 03/077830 reports a process for tiie preparation of [azitiiromydn] • 
[H2O] from [azithromycin] • [HzOlx • [S\y wherein S is an organic solvent 
which is at least partially misdble with water. Hie value x is restricted to 1, 
125, 1.5 or 2 and y is restricted to y is 0. 0.5 and 1. There is no procedure 
shown in WO 03/077830 for the preparation of [azithromydn] • [HiOJt* [S]y 
with the above X and y values fix)m isopropanol and water. ExampIe2ofWO 
03/077830 reports the preparation of [azithromycin] • \H1O\13 • [isopropanol]a5 
from isopropanol and sodium hydroxide solution at pH 9.8. [Azithromycin] 
• [H20]i5 • [isopropanol]a5 has a formula weight of 806 and a tiieoietical 
isopropanol content of 372%. Form M ([aziihromycin] • \H£]i • 
[isopropanoQo^) has a formula weigfht of 797 and a theoretical isopropanol 
content of 3.76%. Both forms of azithromycin have theoretical isopropanol 
content in excess of 3.6%. In addition to the isopropanol within the molecular 
formula, the aystalline solid may also contain surface isopropanol resulting 
in even a higher percentage of isopropanol in these substances. 

The crystalline azithromycin • (lhO)x • [isopropanol]y of this invention 
differs in empirical formula from the azithromydn reported in the literature. 
The value of x is not 1 and tiierefore the material is not an isopropanolate 
solvate form of azithromydn monohydrate. Azithromydn isopropanolate of 
formula azithromycin • (HiO)x • [isopropano^y wherein x = 1.5 and y = 0.25 or 
X - 0.75 and y «= 0.5 is unknown in the literature and the form azithromydn • 
(H^)t9 • [isopropanol]a25 has a formula weight of 791 and a theoretical % 
isopropanol of 1.9% whidi is lower than the % isopropanol content of all the 
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Other forms known in ihe literature. They are prepared from non-crystalBne 
azithromydn. Non^ryBtalline azilhromydn can be prepared by extracth^ a 
soluticm of azifliromycin m dikite acetic add with ethyl acetate to remove any 
non-basic drug related substances. The acetic add fraction is neutralized wlfli 
base, and then the azithromycin is extracted into ethyl acetate. The ethyl 
acetate fracticHi is dried and the solvent is evqKwated under vacuo to give an 
oil The oil is do-evi^rated with isopropanol three times before it is 
crystallized from isopropanol and water. The soHd is crystallized from 
isopropanol and water. The solid is filtered, and dried under vacuo at 45 to 
55<: for 12 to 16 his. When the solid is dissolved in isoprxjpanol at 20 to 30»C 
and crystallized with the Addition of water, azithroftydn • PzO>c • 
[isopropanoljy with tiie above x and y values are obtained (depending on the 
amount of water added). The ratio of x and y is controlled by the amount of 
wateradded. When tiie solvent ratio of isopropanol to water is in the order 
of [1 - 2] to 1 by volume^ the crystalline form obtained is azithromydn • 
(H20)x • [isopropanol], with x « 15 and y = 0.25. The structure and the 
empirical formula of this new solvate have been determined by single crystal 
x-ray diffraction determinatioru When a minimnim amount of water is added 
to a saturated solution of azithromydn in isopropanol, a^tihromydn • (H20>c 
• [isopropanol], (for example in the order of 1 : 4 water : isopropanol) crystal 
with X = 0.75 and y = 0.5 is obtained. The crystal structure and the empirical 
formula of this new solvate axe determined by single crystal x-ray diffraction 
determinatioru 

For the azithromydn • (HzO)x • [isopropanol], with different ratio of. 
the solvent molecules produced, tiie unique crystalline lattice is maintained. 
The PXRD pattern and the FT-IR spectrum of fliese two different 
azithromycin • (HtO)x • psopropanol], wherdnx « 13 and y •» 025 and x = 



wo 2004/083227 



4 



PCT/CA2004/000406 



0,75 and y = 0-25 are the same. Their tmit cell values and olfaer 
crystallographic data are presented in Table 1 and Figure 1. 

DESCRIPTION OF ASPECTS OB THE ITsIVF.NTrn] S f 

According to one aspect of the invention a crystalline f onn of 
a2ifhroinydn isopropanolate with the formula aziUiromydn • QM))x • 
[isopropanol]y wherdn x « 0.75 and y « 0.5 is provided, characterized by 
single crystal structure results sununaiized in Table 1, iiie similar powder X- 
ray diffraction pattern and FT-IR spectrum in Figure 2 and Figure 3, 
respectively. 

According to another aspect of the invention a aystalline form of 
azithromycin isopropanolate with flie formxila azithromycin • (HzOjx • 
[isopropanol]y wherein x « 1.5 and y « 0^ is provided, characterized by 
single crystal structure results summarized in Table 1, the powder X-ray 
diffraction pattern in Figure 4 and the FT-IR spectrum shown in Figure 5. 

According to another aspect of the invention this invention relates to 
processes for the preparation of azithromycin ♦ (H20)i5 • [isopropanol]o:25 and^ 
azlthromydn • (H20)a75 • [isopropandjos. The form obtained depends on the 
ratio of water to isopropanol used in the oystallization as discussed above. 

A process may comprise title following steps: 

Preparaticm of azithromycin : (H20)x : [isopropanol]y fromnon- 
crystalline azithromycin: 

(a) Dissolving solid azithromycin in an acetic add solution and extracting 
tiie solution with ethyl acetate. 

(b) The aqueous solution from step (a) is basified with sodium hydroxide 
solution. 

(c) The basic solution from step (b) is extracted with etiiyl acetate. 
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(d) The ethyl acetate solution bom step (c) is dried with sodium sulfate. 
The drying agent is fiitiered and the filtrate evaporated under vacuo to 
give non-crystalline azitiiromydn as a syrup, 

(e) The material from step (d) is co-evaporated with isopropanol three 
times to give a syhxp. 

(f) The maiterial from step (e) is mixed with isopropanol. 

(g) Water is added to the material from step (f). 

(h) The insoluble material from step (g) is filtered and dried imder vacuo. 

(i) The ^naterial from step (h) is dissolved in isopropanol Water is added 
preferably in the ratios discussed hereafter. 

Q) The insoluble material from step (i) is filtered. 

Azithromycin • (H20)x • [isopropanoljy wherein x = 0.75 and y = 0:5 is 
obtained when water is added to a saturated solution of material from step 
(h) in isopropanol. An example of file ratio of water: isopropanol is in the 
order of 1 :4(.25:1). 

Azithromycin • (H20)x • [isopropanol]y wherem x = 1.5 and y = 0.25 is 
obtained when the ratio of water to isopropanol in step (i) is of the order of 1 
to [1 to 2]. 

\ The crystalline azithromycin • (EizO)^ • [isopiopanol]o^ and 
azithromycin • (H20)o.75 • [isopropanollaso of this invention are unknown in 
the literature and manufactured by a process superior to other reported 
procedures of isopropanol/water or basic water ccystallizatioru Firsts tiiese 
forms of adthromydn may be prepared in hig^ purity and pharmaceutically 
acceptable quality, because any rum-basic dmg related substances are 
removed in the acetic add/ethyl acetate extraction step of the process. 
Second/ purified non-crystalline azithromycin is used as a starting material 
and can be prepared from any crude solid azithromycin. Third, the use of 
addic or basic water is not required for the isopropanol and water 
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crystallization Step. Fcnirth, extensive heating and coolmg ccm^ 
required. 

For pharmaceutical use, azitiiromydn • (^bO)l3^ [isopropanol]a25 contains a 
significantiy lower theoretical isopropanol content than all other isopropanol 
pseudopolymorphs of azithromycin. This form of azithromycin provides 
improved stability and ease of manufacture and use. 



BRIEF DESCRIPTION OP THE DRAWINGS 

The following figures illustrate preferred and alternative embodiments 
of the inventioiv wherein: 

Figure 1 Stereo-structure of azithromycin : (ihOjoTs : [isopropanoflos (a) 
verses azithromydn : (H20)t5 : [isopropanoljcus (b) 
Figure 2 Powder X-ray diB^action pattern of azitiiromydn • (H20)o^ • 
[isopropanoljos. 

Figure 3 Single aystal microscope FT-IR spectrum of azitiiromydn • 

(FLO)a73 • [isopropanol]ojs. 
Figure 4 Powder X-ray diffraction pattem of azithromydn • (H20)i3 • 

[isopropanoQazsL 

Figure 5 Single crystal microscope FT-IR spectrum of azithromydn • 

(H20)t5 • Iisopropanol]o25. 
Table 1 Azithromycin : QM))x : [isopropanol]y Single Crystal Structure 

Information. 

Example l! 

Preparation of Azithromycin : (HbO)x : [isopropanoljy 
A. Purification of azUfaromydn via add/base extraction 

Azithromydn monohy drate (100 g) was mixed with water (500 ml) in a 
2-litre beaker. Acetic add (17 ml) was added. The mbcture was stirred for 15 
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mins. Ethyl acetate (270 ml) was added. The mixture was stirred for 15 
minutes and extracted in a separation fuimd. The lower water layer was 
transferred to 2-litre beaker. Water (100 ml) was added to tfie ethyl acetate 
layer and the mixture was extracted. The lower water layer was combined 
with the aqueous layer from the previous separation. Ethyl acetate (360 ml) 
was added to tiie combined aqueous layer, followed by 6N NaOH solution 
(54 ml). Ihe mixture was stirred for 15 mins, extracted, and then separated. 
The lower water layer was removed and extracted twice with ethyl acetate (90 
ml). The combined etiiyl acetate layer was washed with water (100 ml), and 
the water layer removed. The ethyl acetate solution is dried over sodium 
sulfate and evaporated to give a foamy material The foamy material was 
mixed with isopropanol (86 ml) and evaporated to dryness under reduced 
pressure at 40°C. This step was repeated twice. The foamy material was 
mixed wilh isopropanol (258 ml) to give an approximate total volu^ 400 
ml in a 600-ml beal?er. Watar (460 ml) was added slowly with stirring. The 
insoluble solid was filtered after 2 hrs and dried at 50<1 under vacuo for 16 
hrs. 

R Fyeparation of azithromvdn ; fH20^ : risoprapanQl]v wherrin x« 1 A y 

The material (5 g) from example lA was dissolved in isopropanol (20 
ml) and stirred for 15 mins. Water (10 ml) was added dropwise with stirring. 
When the addition of water was completed, the stirring bar was removed and 
flie miaterial was allowed to sit for 44 hours. Tlie crystals was filtered and 
used immediately for single crystal structural determinatioiu 
C. Preparation of azitfaxomvdn : rH20^. : risopmpanoi y wherein x ^ 1.5. y ^ 
0-25, 

The material (5 g) from example lA was dissolved in isopropanol (20 
ml) and stirred for 15 mins. Water (20 ml) was added diopwise wititi stirring. 
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When the addition of water was completed, tihe stirring bar was removed and 

the material was allowed to sit for 44 hours. The crystals was filtered and 

used immediately for single crystal structural determination. 

D, Pteparatian of azithromycin : (^Q)x : [isoprppanogv wh erein x « 0,75. y = 

03, 

Water (0.1 ml) was added dropwise with stirring to a saturated 
solution of the material from example lA (0.5 ml). Crystals were formed after 
8 hours. The crystals was filtered and used immediately for single crystal x- 
ray diffraction structural determination. 

While the foregoing provides a detailed description of a preferred 
embodiment of tiie invention, it is to be tmderstood that this description is 
illustrative only of the principles of the invention and not limitative. 
Furthermore, as many changes can be made to the invention without 
departing from the scope of the inventioiv it is intended that all material 
contained herein be interpreted as illustrative of the invention and. not in a 
limiting sense. 
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THE EMBODIMENTS OF THE INVENT[ON IN WHICH AN EXCLUSIVE 
roOPERTY OR PRIVn^E IS CLAIMED ASE AS FOLLOVVS: 

1. A crystalline form of aziflttomydn • (H20)x • Iisopropanol]y wherein x 
and y are selected from 

(i) X - 0.75 and y- 05, and 

(ii) X - 15 and y- 0.25. 

2. Crystalline Azifhromydnlsqpropanolate of daiml wherein X" 15 
andy = 025. , 



3. CtystaDiiieAziiiuxraiydnlsopropanokte of daiml wherein x=. 75, 
andy = 05. 

4. The crystalline fonn of Azifliromydn • (HKD)x • psqpropanolly having 
the single crystal structure of Figure 1(a) wherein x - 075 and y - 05. 

5. The crystalline form of Azithromycin • gthO)x • [isopropanol]y having 
the single crystal structure of Figure 1(b) wherein x = 15 and y = 0.25. 

6. A process for the preparation of ttie azitiuomydn • (HsO)* • 
[isopropanoljy wherein x and y are selected from 

(i) x = 0.75 and y- 05, and 

(ii) x-15andy«0.25 

yfbidi process comprises ttie following steps: 

(a) dissolving solid azithromycin in an acetic add solution and 
extracting the solution with ethyl acetate; 
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(b) basifying the aqpeous solution from step (a) with a soditim 
hydroxide solution; 

(c) extracting the basic solution from step (b) with ethyl acetate; 

(d) drying the ethyl acetate solution from step (c) with sodium 
sulfate, filtering the drying agent and evaporating the filtrate under vacuo to 
give non-crystalline azitiiromydn as a sjnrup; 

(e) oo-evaporating the material from step (d) with isopropanol 
three times to give a syrup; 

(f) mixing the material from step (e) with isopn^anol; 

(g) adding water to the material from step (f); 

(h) filtering the insoluble material from step (g) and drying imder 

vacuo; 

(i) dissolving the material from step (h) in isopropanol and adding 
water in the ratio of either: 

(ia) isopropanoltowaterintheorderof (1-2) :1 where x» 
1.5andy=0^,or 

(ib) in the ratio of isopropanol to water in the order of 4 : 1 
where x « 0.75 and y = 0,5; 

(j) filtering the insoluble material from step (i). 

7. A process for the preparation of the azithromycin • (H20)x • 
[isopropanoQy of daim 2 wherein x « 13 and y = 025 which comprises the 
following steps: 

(a) dissolving solid azithromydn in an acetic add solution and 
extracting the solution with etiiyl acetate; 

(b) basifying the aqueous solution from step (a) with a sodium 
hydroxide solution; 

(c) extracting the basic solution from step (b) with ethyl acetate; 
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(d) diying the ethyl aoetate solution from step (c) with sodium 
sulfate, filtering the drying agent and evaporating the filtrate under vacuo to 
give non-aystalline a2i1iux>mycin as a syrup; 

(e) co-evaporating the material from step (d) with isopropanol 
three times to give a syrup; 

(f) mixing the material from step (e) with isopropaiu)!; 

(g) adding water to the material from step (f); 

(h) filtering the insoluble material from step (g) and drying under 

vacuo; 

(i) dissolving the material from step (h) in isopropanol and adding 
water wherein the ratio of isopropanol to water is in flie order of (1 - 2) : 1; 

(j) filtering tiie insoluble material frorn step (i). 

8. A process for the preparation of the azithromydn • QchO}x • 
[isopropanol]y of daim 3 wherein x « 0.75 and y - 0.5 which comprises the 
following steps: 

(a) dissolving solid azitiiromydn in an acetic add solution and 
extracting the solution with ettiyl acetate; 

(b) basifying the aqueous solution from step (a) with a sodium 
hydroxide solution; 

(c) extracting the basic solution from step (b) with ethyl acetate; 

(d) drying the ethyl acetate solution from step (c) with sodium 
sulfate, filtering the drying agmt and evaporating the filtrate under vacuo to 
give non-aystallme azitiuomydn as a syrup; 

(e) co-evaporating the material from step (d) with isopropanol 
three times to give a syrup; 

(f) mixing the material fixHn step (e) with isopropanol; 

(g) adding water to the material from step (f); 
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(h) filtering the insoluble material from step (g) and drying under 

vacuo; 

(i) dissolving the material from step (h) in isopropanol and adding 
water wherein the ratio of isopropanol to water is in tiie order of 4 : 1; 

(j) filtering the insoluble material from step (1), 

9. A process for the preparation of the azithromycin • (H20)x • 
[isopropanol]/ of claim 4 wherein x = 0.75 and y = 0.5 which comprises the 
following steps: 

(a) dissolving solid azithromycin in an acetic add solution and 
extracting the solution with ethyl acetate; 

(b) basifying tiie aqueous solution from step (a) with a sodium 
hydroxide solution; 

(c) extracting the basic solution from step (b) witti ethyl acetate; 

(d) drying the ethyl acetate solution from step (c) with soditun 
sulfate, filtering the drying agent and evaporating the filtrate xmder vacuo to 
give non-crystalline azithromycin as a syrup; 

(e) co-evaporating the material from step (d) with isopropanol 
three times to give a symp; 

(f) mixing the material from step (e) with isopropanol; 

(g) adding water to the material from step (f); 

(h) filtering the insoluble material from step (g) and drying under 

vacuo; 

(i) dissolving the material from step (h) in isopropanol and adding 
water wherein the ratio of isopropanol to water is in the order of 4 : 1; 

(j) filtering the insobble material from step (i). 
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10. A process for the prepaiatiQii of the azithromycin • (H20)x • 
[isopropanol]y of daim 5 wherein x = 1.5 and y « 0.25 which comprises ihe 
following steps: 

(a) dissolving solid azithromycin in an acetic add solution and 
extracting the solution with ethyl acetate; 

(b) basifying tiie aqueous solution from step (a) with a sodium 
hydroxide solution; 

(c) extracting the basic solution from step (b) with ethyl acetate; 

(d) drying tiie ethyl acetate solution from step (c) with soditmi 

I 

sulfate, filtering tiie drying agent and evaporating the filtrate under vacuo to 
give non-crystalline azithromycin as a symp; 

(e) co-evaporating the material from step (d) with isopropanol 
tiuree times to give a syrup; 

(f) mixing the material from step (e) with isopropanol; 

(g) adding wat^ to the material from step (f); 

(h) filtering the insoluble material from step (g) and drying^under 

vacuo; 

(j) dissolving the material from step (h) in isopropanol and adding 
water wh^^ titie ratio of isopropanol to water is in the order of (1 - 2) : 1; 
Q) filtering the insoluble material from step (i). 

11. A crystalline form of azithromydn • (HiO)x • [isopropanol]^ wherein x 
= 0.75 and y « 0.5 or x = 15 and y « 0.25 niade by the process of claim 6, 8 or 9 
ifx»0.75andy«05andbytheprocessof daim6,7orl0ifx = 1.5andy= 
0.25. 

12. A crystalline form azithromydn isopropanolate of claim 1 wherein x « 
1 .5 and y = 0.25 made by the process of daim 6, 7 or 10. 
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13. A aystallme form of azitfaromydn isopropanolate of daim 1 wherein x 
-0.75 and y » 0.5 made by the process of daim 6, 8 or 9. 

14. A crystaUine f oim of azithromydn • (H20)a79 • [isopropanoQas having 
the single crystal structure of Figure 1 (a) made by the process of daim 9. 

15* A crystalline form of azithromycin • (H20)a73 • [isopropanol]o5 having 
the single aystal structure of Figure 1(b) made by the process of daim 10. 

16. A crystalline form of azithromycin • QibOjoys • [isopropanoQoj having 
the single crystal structure of Figure 1(a). 

17. A crystalline form of azithromycin • (H20)a73 • [isopropanol]o5 having 
the single crystal structure of Figure 1(b). 
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